AD _ :  70  5b~7 


THE  EFFECTS  OF  VARYIHG  RATIOS  OF  MINERALS  AND 
VITAMINS  TO  CALORIES  CONSUMED  DURING 
FOOD  INTAKE  RESTRICTION  ON 
PHYSICAL  CONDITION  OF  RATS  AND  MAN 

Information  from  a  rat  experiment  and  literature  review 


by 

I 

D.  Tollenaar 


October  1970 


UNITED  STATES  ARMY 
NATICK  LABORATORIES 
Natick,  Massachusetts  01760 


Food  Laboratory 


1 


ssa' 


This  document  has  been  approved  for  public  release  and  sale; 
Its  distribution  is  \iQlimited. 


Citation  of  trade  names  in  this  report  does  not  constitute 
an  official  indorsement  or  approval  of  the  use  of  such  items- 


Destroy  this  report  when  no  longer  needed.  Do  not  return  it 
to  the  originator. 


1 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 

REPRODUCE  LEGIBLY. 

1 


This  document  has  been  approved 
for  public  release  and  sale, 
its  distribution  is  unlimited. 


AD 


TECHNICAL  REPORT 
71-21-FL 


THE  EFFECTS  OF  VARYING  RATIOS  OF  MINERALS  AND  VITAMINS 
TO  calories  consumed  during  food  intake  RESTRICTION  ON 
PHYSICAL  CONDITION  OF  RATS  AND  MAN 

INFORMATION  FROM  A  RAT  EXPERIMENT  AND  LITERATURE  REVIEW 


by 

Dirk  Tollenaar 


Project  Reference: 
1JO61102A71C 


October  1970 


Food  Laboratory 

U.  S.  ARMY  NATICK  LABORATORIES 
Natick,  Massachusetts  01760 


FOREWORD 


The  experiment  reported  here  was  conducted  to  document  the  degree  to  which 
physical  performance,  among  other  factors,  in  rats^  can  be  affected  by  supplements 
of  minerals  and  vitamins  to  certain  low  calorie  diets  already  containing  these 
minerals  and  vitamins •  This  information  is  necessary  in  evaluating  assertions 
relative  to  alleged  military  low  calorie  ration  design  inadequacies  regarding  the 
mineral  and  vitamin  content#  The  literature  review  presented  intends  to  provide 
additional  pertinent  information  regarding  mineral  and  vitamin  requirements  during 
restricted  caloric  intake  of  mammals. 

The  work  reported  was  conducted  under  Project  No,  1JO61102A71C, 
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In  conducting  the  research  described  in  this  I'eport;,  the  investigator  adhered 
to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care"  as  promulgated  by  the 
Committee  on  the  Guide  for  Laboratory  Animal  Resources,  National  Academy  of 
Sciences  -  National  Research  Council,  and  by  the  National  Society  for  Medical 
Research, 
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ABSTRACT 


In  order  to  determine  whether  on  a  restricted  caloric  intake  a  higher  ratio 
of  minerals  and  vitamins  to  calories  consumed  than  normal  for  ad  libitum  food 
intake  is  desirable,  an  experiment  with  rats  was  conducted  and  a  literature  review 
performed.  Male,  adult  rats  received  a  semipurified  diet  with  two  mineral-vitamin 
levels  and  two  levels  and  kinds  of  fat.  Under  the  experimental  conditions,  at  a 
40%  ot  average  a^  1 ibitum  food  intake,  a  higher  ratio  of  minerals  and  vitamins  to 
calories  consumed  than  that  normal  for  ad  libitum  food  intake  did  not  result  in  a 
significant  difference  in  treadmill  running  performance.  However,  the  relatively 
higher  mineral -vitamin  level  increased  water  consumption  significantly.  The  rats 
receiving  15%  or  calories  from  corn  oil  ran  significantly  longer  than  the  groups 
receiving  417.  of  calories  from  butter.  Literature  reports  indicate  that  during 
complete  caloric  deprivation  additional  mineral  and  B-vitarain  intake  often  is  bene¬ 
ficial,  Extracellular  water  loss  during  the  first  days  of  caloric  restriction  has 
been  reported  to  be  positively  correlated  with  the  Na  content  of  the  diet  prior  to 
the  period  of  restriction. 


lOTRODUCTION 


The  purpose  of  the  study  reported  here  is  specifically  to  provide  information 
regarding  the  question  whether  in  mammals  during  certain  restricted  caloric  intake 
conditions  a  need  for  a  higher  ratio  of  minerals  and  vitamins  to  calories  consumed 
is  indicated  than  on  an  unrestricted  caloric  intake,  as  determined  primarily  from 
exercise  enduranca.  To  this  end,  rats'^  were  employed  in  the  experiment  reported, 
and  their  treadmill  running  endurance,  lifespan  and  weight  changes  were  determined 
with  and  without  mineral -vitamin  supplements.  Further,  it  was  deemed  desirable  to 
determine  to  which  extent  the  ingestion  of  the  supplements  would  affect  water 
consumption. 

In  order  to  determine  exercise  endurance,  treadmill  running  rather  than 
swimming  was  employed  because  the  former  probably  simulates  closer  the  exercise 
and  metabolism  conditions  such  as  encountered  in  strenuous  ter  cin  marches  of  man. 
During  swimming,  especially  with  relatively  short  endurance  times  (1),  it  is  likely 
that  anaerobic  metabolism  plays  a  not  inconsiderable  part  in  the  provision  of 
energy  during  the  exercise.  Furthermore,  factors  like  a  lower  specific  gravity  of 
smaller  animals  than  of  larger  ones  of  the  same  strain  and  age  (2)  and  a  negative 
correlation  between  specific  gravity  and  total  body  fat  content  (3)  can  be  expected 
to  affect  endurance  to  a  different  degree  during  swimming  than  during  treadmill 
running. 

Regardless  of  caloric  intake,  a  minimum  absolute  need,  in  many  cases  at  least, 
seems  to  exist  fer  an  external  supply  of  certain  minerals  and  vitamins,  especially 
potassium  and  B-vitamlns,  This  has  been  indicated  by  the  occurrence  in  many  cases 
of  vitamin  and  mineral  deficiency  during  total  starvation  (4-10),  Vitamin 
deficiency  has  been  observed  to  occur  as  early  as  the  end  of  the  first  week  of 
fasting  (7),  The  symptoms  of  mineral  and  vitamin  deficiencies  occurring  during 
fasting  could  be  prevented  or  corrected  by  oral  administration  of  the  nutrients 
involved  (4-12),  Likewise,  a  negative  Na  and  K  balance  during  fasting  or  semi¬ 
starvation  has  been  shown  to  be  reduced  by,  respectively,  Na  (13,  14)  and  K  (8,  15) 
administration.  Few  data  are  available  on  mineral  and  vitamin  requirements  during 
a  partially  restricted  caloric  intake.  Slightly  abnormal  EEC  patterns  were 
observed  in  all  of  a  group  of  human  subjects  after  nine  days  on  400  kcal/day  from 
sucrose  plus  14  g  of  Kool-Aid  powder  without  any  mineral  or  vitamin  supplement  (11, 
12),  A  group  receiving  a  mineral  supplement  did  not  show  these  abnormalities. 
However,  the  ratio  of  K.,  Na,  Ca,  Mg  and  P  to  caloric  intake  for  this  latter  group 
was  considerably  higher  than  would  normally  occur  on  an  unrestricted,  adequate 
diet  (16-20),  The  K/Na  ratio  in  the  total  body  of  rats  on  a  partially  restricted 
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See  footnote  1 


caloric  intake  of  a  presumably  relatively  well-balanced  diet  has  been  found  to  be 
decreased,  as  compared  to  controls  (21). 

Dehydration  has  also  been  reported  during  partial  caloric  intake  restriction 
(11,  22-25).  Such  dehydration  may  under  certain  conditions  be  detrimental  to 
exercise  performance  (23).  It  has  been  shown  to  be  reduced  by  Na  administration 
(14,  25,  26),  but  could  not  be  corrected  by  increased  water  consumption  (23,  26,  27). 

METHODS 


Male,  adult,  Sprague-Dawley  rats,  randomly  bred,  were  housed  individually,  at 
24  +  1.5°  and  50  +  3%  relative  humidity,  in  stainless  steel  cages  with  wire-mesh 
bottoms.  Light  was  provided  from  6:30  a.m.  to  7:00  p.m.  At  arrival,  these  animals 
were  18  weeks  old  and  weighed  425  +  35  g  (mean  +  SD). 
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These  rats  were  fed  a  commercial  rat  food  and  tap  water  ^  libitum  for  the 
first  five  weeks  (table  1).  After  the  first  week,  the  animals  were  subjected  to 
training  on  a  treadmill.  The  design  of  this  treadmill  was  a  modification  of  that 
used  by  Kimeldorf  (28).  It  consisted  of  an  endless,  motor-driven,  neoprene- 
impregnated  belt  which  could  be  elevated  with  a  hydraulic  jack.  A  rack  over  this 
belt  contained  ten  cages  in  two  rows  of  five,  with  translucent  plastic  walls  and 
top,  the  two  rows  being  in  tandem  according  to  the  running  direction.  The  top 
panels  contained  numerous  perforations,  and  the  bottom  9  mm  of  the  front  and  rear 
of  each  cage  was  open  to  allow  air  circulation.  Further,  the  rear  of  each  cage  at 
the  Inside  had  a  hinged  panel  attached  with  a  shocking  grid  which  was  wired  to  a 
constant  current  shocker  with  shock  scanner^,  providing  a  current  of  about  3  ma. 
Between  the  hinged  panel  and  the  rear  wall  of  each  cage  a  micro  switch  had  been 
installed,  wired  to  a  ten  channel  event  recorder^  and  individual  time-delay  relays, 
the  latter  wired,  in  turn,  to  Individual  lights  and  one  common  buzzer.  The 
intensity  of  exercise  (running  time,  speed,  and  inclination  of  the  running  sur¬ 
face)  was  gradually  increased  over  a  period  of  six  weeks  with  twice-weekly  train¬ 
ing  periods.  The  adult  Sprague-Dawley  rats  proved  relatively  difficult  to  train 
in  comparison  to  adult  Long-Evans  rats  used  in  later  experiments.  Of  the  78 
animals  used  at  the  start,  only  32  of  the  best  performing  animals  were  retained. 
Following  this  six-week  training  period,  the  rats  were  run  to  exhaustion  five  times 
during  three  weeks  (table  1),  and  running  times  were  recorded. 
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After  the  period  on  the  commercial  rat  food,  the  rats  were  divided  into  two 
groups  of  equal  number.  Each  of  these  groups  received  a  different  amount  and  compo- 
sition  of  fata  These  two  kinds  of  fat  supply  were  a  level  and  degree  (if  saturation 
as  commonly  used  in  human  diets  in  the  United  States,  and  a  low  level  with  a  low 
degree  of  saturation  and  relatively  high  degree  of  polyunsaturation.  Thus,  one 
group  received  a  semipurified  diet  deriving  lA%  of  the  calories  from  fat  in  the 
form  of  corn  oil  (low  fat  group);  the  other  group  received  an,  otherwise,  similar 
diet  bat  having  hVL  of  the  calories  provided  by  butter  as  the  fat  source  (designated 
henceforth  as  'high'  fat  group).  The  composition  of  these  diets,  including  that 
of  the  mineral-vitamin  mixture  provided,  was  as  previously  described  (1).  As  in 
this  previous  experiment,  the  diets  were  kept  refrigerated.  It  has  been  reported 
(29)  that  thiamine  stability  in  wet  diets  is  adversely  affected  by  commercial 
casein  treated  with  sulfur  dioxide.  However,  under  the  conditions  of  dry  diets, 
refrigerated  storage,  and  with  the  composition  of  mineral  mixture  employed,  the 
loss  of  thiamine  per  week  in  any  of  the  food  mixtures  did  not  exceed  157.  (1).  After 
five  weeks  on  the  semipurified  diets,  the  'high'  and  the  low  fat  groups  were  sub¬ 
divided  into  two  groups^  of  eight  animals  each.  One  group  was  fed  an  amoun::,  of 
food  (9.0  g/rat/day)  which  was  approximately  407.  of  the  average  previous  ad  libitum 
consixnption.  The  other  group  had  a  similarly  restricted  caloric  intake  but  in 
addition  received  an  amount  (0.62  g/rat/day)  of  mineral -vitamin  mixture  which 
increased  the  intake  of  these  minerals  and  vitamins  to  approximately  that  of  the 
rats  fed  ^  libitum.  The  minerals  and  the  vitamins  in  the  supplements  were  provided 
in  the  same  ratio  to  each  other  as  their  mutual  ratio  in  the  diets.  The  period 
during  which  the  caloric  intake  was  thus  restricted  lasted  for  ten  days.  There« 
after,  all  groups  were  subjected  to  complete  caloric  deprivation,  primarily  to 
de''*'*mine  lifespan.  During  this  latter  period,  the  groups  previously  receiving 
tne  mineral-vitamin  supplement  continued  to  receive  an  amount  (1.0  g/rat/day), 
which  maintained  the  intake  of  minerals  and  vilamins  at  approximately  the  level 
consumed  by  the  rats  fed  ^  libitum.  The  same  amount  and  composition  of  synthetic 
sweetening  ingredients  as  previously  used  w^.s  added  (1).  All  animals  consumed 
this  sweetened  mineral-vitamin  mixture  completely.  The  mineral-vitamin  mixture  was 
prepared  each  week  and  stored  refrigerated.  All  food  or  mineral -vitamin  mixture, 
provided  after  9  a.m,,  always  was  consumed  before  .11:30  a.m.  Water  was  supplied 
ad  libitum.  During  the  period  when  the  semipurified  diets  were  provided,  the 
drinking  water  used  was  all-glass  distilled.  Its  resistant..',  always  was  in  excess 
of  10^  ohms/cm^  x  cm  at  about  23". 


^  The  following  abbreviations  will  be  used  henceforth: 

LF:  low  fat,  reduced  food  intake,  with  corn  oil  as  the  fat  source; 

HF:  'high'  fat,  reduced  food  intake,  with  hutter  as  the  fat  source; 
+MV;  plus  additional  minerals  and  vitamins. 

Bracketed  symbols  indicate  diet  prior  to  complete  caloric  deprivation. 
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All  running  to  exhaustion  during  the  preliminary  period  and  during  the  main 
phase  of  the  experiment  was  conducted  from  about  1  p.m.  on,  in  order  to  eliminate 
possible  diurnal  rhythm  effects  on  performance,  and  to  allow  some  time  after  the 
food  intake.  Four  running  endurance  tests  were  performed  during  the  main  phase  of 
the  experiment,  namely,  3,  7,  10  and  14  days  after  the  start  of  the  ? imited  caloric 
intake.  Running  speed  was  66  fpm. 


RESULTS 


a.  Running  performance.  During  the  peritd  on  ad  libitum  intake  of  the  semi- 
purified  diets,  the  average  running  times  to  exhaustion  for  what  were  to  become 
the  four  different  groups  were;  LF®,  34.8  +  6.7  (mean  +  SD);  LF  +  MV,  35.0  +  4.9; 
HF,  31.2  +  6.4;  HF  t-  MV,  31.3  +  4.1  minutes,  respectively.  It  should  be  borne  in 
mind  that  the  diff irentiation  between  fat  intake  was  started  two  weeks  prior  to 
these  preliminary  running  tests  to  exhaustion.  The  average  preliminary  running 
performances  tc  exhaustion  in  kgra^  were:  LF,  48.3  +  8.2;  LF  +  MV,  48.5  +  10.4; 

HF,  48.6  +  8.7;  HF  +  MV,  49.2  +  9.2.  For  the  period  of  partial  food  deprivation, 

the  endurance  times  and  performance  in  kgra  for  the  rat  groups  at  different  times 
are  shown  in  table  2.  Split-plot  factorial  analysis  of  variance  (30)  of  the  values 
obtaineu  over  all  three  test  periods  indicated  that  the  difference  in  running  times 
between  the  LF  and  HF  groups  was  significant  (P^t).025).  This  comparison  is  prob¬ 
ably  valid  since  care  had  been  taken  to  equalize  environmental  conditions  as 
closely  as  possible  for  all  (future)  subgroups,  and  choice  of  animals  for  each 
subgroup  had  been  at  random.  Some  evidence  for  the  closeness  of  this  matching 
would  seem  to  be  offered  by  the  near  identical  performance  results,  during  the 
preliminary  running  tests,  between  the  low  fat  groups,  and  also  between  the  two 
'high*  fat  groups.  It  should  be  remembered  that  the  LF  and  HF  groups  had 
received  both  a  different  level  and  a  different  kind  of  fat.  After  seven  days 
on  the  restricted  food  intake  the  animals  ran  significantly  longer  (P^0.05)  than 
after  three  days,  if  in  the  calculation  all  diet  groups  are  included.  None  of  the 
other  differences  in  running  performance  was  significant  at  the  P^0.05  level. 

After  14  days  on  the  experimental  'diet'  regimen,  the  running  times  for  the  (HF) 
and  (HF)  +  MV^  groups,  adjusted  for  the  average  preliminary  times  were,  respective¬ 
ly,  34.1  +  15.2  and  34.8  +  11.6  min.  (mean  +  SD).  Their  performance  in  kgm, 
similarly  adjusted,  was,  respectively,  47.9  +  21.2  and  48.3  +  16.1.  Each  of 
these  groups  v.as  comprised  of  six  animals.  In  the  other  groups,  the  number  of 
animals  that  could  perform  adequately  on  the  treadmill  had  become  too  small  at 
this  time  to  afford  a  meaningful  comparison. 
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kgm  =  weight  of  animal  in  kg,  multiplied  by  distance  elevated  during  running  in  m. 


4 


bo  Water  consumption »  The  water  consumption  during  the  first  ll  days  on  the 
experimental  diet  regimen  is  given  in  table  3.  Split -plot  factorial  analysis  of 
variance  of  all  data  over  this  period  indicates  that  the  difference  due  to  mineral- 
vitamin  level  was  highly  significant  (P^O.Ol),  and  that  due  to  fat  level  and  kind 
of  fat  was  significant  (P^0,025).  On  the  average,  during  these  11  days,  the 
animals  in  the  LF  +  MV  group  drank  11.5%  more  than  those  in  the  LF  group,  and  the 
rats  in  the  HF  +  MV  group  drank  11.6%  more  than  those  in  the  HF  group.  Further, 
under  the  same  conditions,  the  animals  in  the  LF  group  drank  10.9%  more  than  those 
in  the  HF  group,  and  the  rats  in  the  LF  +  MV  group  drank  10,7%  more  than  those  in 
the  HF  +  MV  group.  The  difference  due. to  mineral -vitamin  level  tended  to  be  only 
fractionally  higher  at  the  end  of  the  11-day  period  than  at  the  beginning.  The 
average  difference  during  the  first  four  days  for  the  LF  +  MV  versus  the  LF  group 
and  for  the  HF  +  MV  versus  the  HF  group  was,  respectively,  11,3  and  10.57,;  that 
during  the  last  four  days  was,  respectively,  11.7  and  12,6%, 

c.  Weights .  Average  weights  for  each  of  the  four  groups  are  shown  in  figure 
1,  The  average  weights  for  the  rats  fed  the  ‘high^  fat  diet  at  all  times  were 
higher  than  those  for  the  animals  fed  the  low  fat  diet.  The  higher  mineral-vitamin 
levels  and  higher  water  consumption  of  the  groups  receiving  these  during  the  period 
of  caloric  restriction  was  not  reflected  in  a  higher  weight  retention.  Further, 
the  loss  of  weight  of  the  >high>  fat  groups  approximately  paralleled  that  of  the 
low  fat  groups  during  this  period  of  caloric  restriction,  notwithi.  anding  the 
higher  daily  caloric  intake  of  the  former  groups. 

Lifespan.  The  lifespan,  in  days,  fr<an  the  start  of  caloric  restriction, 
for  the  different  groups  was  as  follows  (mean  +  SD): 

(LF)  14.0  +  1.3,  (HF)  18,3  +  4.3 

(LF)  +  MV'  14,3  +  1,9.  (HF)  +  MV  17,8  +  2,8 

Factorial  analysis  of  variance  indicated  a  highly  significant  (P^0,005)  difference 
due  to  level  and  kind  of  fat. 


DISCUSSION 


a ,  Food  intake  restriction  and  physical  performance  on  different  diets. 

Running  endurance  was  selected  as  the  criterion  for  physical  performance 
in  the  author's  experiment  described  above.  However,  it  should  be  realized  that 
various  types  of  physical  performance  can  be  affected  to  a  different  degree  by 
varying  severity  and  duration  of  food  restriction.  For  example,  a  few  days  of 
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complete  food  deprivation  causes  a  far  greater  decline  in  coordination  than  in 
strength  in  the  human  (31).  In  contrast,  prolonged  semistarvation  produces  greater 
losses  in  strength  than  in  coordination.  Auditory  acuity  was  not  found  to  be 
decreased  by  prolonged  semistarvation. 

Fat  turned  out  to  be  the  only  factor  significantly  affecting  running 
endurance  under  the  conditions  of  the  author>s  present  experiment.  It  seems 
likely  that  the  approximately  15%  higher  weight  of  the  HF  group  was  an  important 
causal  factor  in  the  difference  in  results  between  the  performance  expressed  in 
time  and  that  expressed  in  kgm.  One  might  wish  to  compare  in  general  the  relative 
usefulness  of  these  two  types  of  measurement,  namely,  'unloaded*  running  times  with 
performance  data  in  kgm  as  a  gauge  for  running  endurance  of  subjects  with  a  load 
on  their  back.  The  relative  values  in  kgm  should  then  receive  a  higher  weighting, 
the  higher  the  ratio  of  external  load  weight  to  body  weight,  and  vice  versa. 

Further,  energy  expenditure  per  day  will  affect  deterioration  of  performance  with 
time  during  food  restriction. 

The  exercise  performance  data  in  table  2  for  the  groups  LF,  I.F  +  MV,  HF, 
and  HF  +  MV  reflect  relative  weights  of  food  intake  of  1.000,  1.069,  1.000,  and 
1.069,  respectively,  and  relative  caloric  intakes  of  1.00,  1.00,  1.18,  and  1.18, 
respectively. 

Increased  lifespan  for  the  groups  which  had  received  40%  of  calories  from 
butter  with  and  without  extra  minerals  and  vitamins  was  probably  due  to  the  higher 
average  weight  and,  presumably,  higher  energy  reserves  of  the  animals  in  these  groups. 

b.  Possible  deficiencies  of  minerals  and  vitamins  and  effects  of  administra¬ 
tion  during  caloric  deprivation. 

In  fasted  obese  human  subjects  not  receiving  KCl  supplements,  weakness 
and  lassitude  frequently  developed  after  four  to  six  weeks  (8).  The  supplements 
prevented  the  occurrence  of  these  symptoms.  The  urinary  K/N  ratio  for  the  initial 
two  to  three  weeks  of  fasting  exceeded  that  for  'fat-free  protoplasm'  in  such  sub¬ 
jects  (8,  15,  32).  The  K/N  ratio  has  been  observed  to  fall  in  the  total  body  of 
rats  fasted  for  three  to  six  days  (9).  On  the  first  day  of  food  deprivation, 
tissue  losses  of  K  in  rats  were  found  to  be  three  to  eleven  times  higher  than 
those  of  Na  (26).  Consolazio  et  al.  (33)  found  that  on  the  first  day  of  starva¬ 
tion  of  human  subjects  blood  K  was  significantly  increased  (but  was  decreased  on 
the  fifth  and  tenth  day  measured).  However,  K  as  a  percentage  of  muscle  protein 
(9)  and  body  protein  (21)  has  been  reported  to  remain  unchanged  in  rats  fasted  for 
periods  varying  from  three  days  to  five  weeks.  Initial  K  loss  during  food  depriva¬ 
tion  is  probably  to  some  extent  related  to  glycogen  loss  (26,  34,  35).  Mineral 
concentration  of  the  plasma  during  food  deprivation  with  unrestricted  water  intake, 
generally,  has  been  found  to  remain  normal  (4,  9,  13,  23,  36),  although  K  tended 
to  decrease  to  a  low  normal  level. 
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Carbohydrate  ingestion  during  fasting  has  been  shown  to  reduce  K  and  Na 
losses  (14,  37*40) e  However,  Rogers  et  al«  (22)  observed  no  appreciable  effects 
in  this  manner  from  carbohydrate  ingestion.  It  may  be  that  cold  diuresis  (41)  was 
^  a  dominant  factor  here.  Further,  refeeding  with  glucose  after  fasting  has  been 

found  to  decrease  urinary  Ca,  1%  and  P  losses  (42),  Protein,  also,  has  been  found 
to  decrease  the  urinary  Na  loss  of  fasting  in  man  (13,  39),  as  well  as  reduce  urin¬ 
ary  K  and  Na  losses  in  comparison  to  those  on  a  low,  equicaloric  Intake  of  fat  (43). 
But  the  reduction  of  Na  loss  was  not  apparent  until  the  second  day  of  protein 
feeding  (39),  whereas  it  was  seen  on  the  first  day  of  a  carbohydrate  regimen. 
Further,  the  cumulative  retention  of  Na  over  four  days  of  refeeding  was  less  with 
protein  than  with  carbohydrate,  although  by  the  fourth  day  the  positive  balance  of 
Na  achieved  with  protein  was  comparable  to  that  on  the  carbohydrate  regimen.  The 
feeding  of  fat  alone  has  been  found  to  have  little  or  no  effect  on  the  Na  excre¬ 
tion  during  fasting  (38,  40).  The  aforementioned  experiments  of  Consolazio  et  al. 
(11,  12)  indicate  a  minimum  external  requirement  of  certain  minerals  remaining  on 
a  low  caloric  intake  from  carbohydrate,  and  prevention  of  slightly  abnormal  EEC 
patterns  by  mineral  intake  under  these  conditions.  The  plasma  Ca  concentration  of 
young  adult  human  volunteers  was  decreased  after  24  weeks  on  an  average  daily 
Intake  of  1570  kcal  from  a  mixed  diet  (44),  The  drinking  of  a  KCl  solution  pro¬ 
duced  a  decrease  in  the  negative  K  balance  of  rats,  as  determined  during  the  first 
two  days  of  starvation,  without  increasing  the  negative  Na  balance  (26),  In  man, 
administration  of  K  during  starvation  also  has  been  found  to  decrease  the  net  K 
loss  (8,  15),  to  increase  low  serum  K  levels  (8,  45),  and  to  prevent  or  alleviate 
any  symptoms  of  weakness  and  lassitude  (8),  However,  abdominal  discomfort  and 
nausea  were  often  reported  by  subjects  after  ingestion  of  large  doses  of  rapidly 
'  dissolving  K  salts  during  the  fasting  state  (8),  An  intake  of  Na  during  complete 
food  deprivation  of  man  and  rats  has  been  found  to  reduce  a  negative  Na  balance 
(14,  40)  or  to  result  in  a  positive  balance  (13,  26).  However,  Ingestion  of  Na 
«  has  been  found  to  increase  K  excretion  (8,  14),  with  a  concomitant  withdrawal  of 
intracellular  water. 

During  the  period  on  about  40%  of  ad  libitum  caloric  intake  in  the 
author's  present  experiment,  the  rats  getting  supplements  received  in  these 
supplements  about  128  mg  K/kg  body  weight  x  day  (equivalent  to  244  mg  KCl/kg  x 
day),  and  about  83  mg  Ma/kg  body  weight  x  day  (equivalent  to  211  mg  NaCl/kg  x  day). 

Symptoms  of  vitamin  deficiency,  especially  of  the  B-vltamlns,  have  been 
demonstrated  during  starvation  of  man  (4-7,  10).  Symptoms  of  inadequate  vitamin 
Bg  levels  in  human  subjects  have  been  shown  to  occur  as  early  as  the  end  of  the 
first  week  of  complete  food  deprivation  (7).  Swenseid  et  al.  (10)  found  no 
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consistent  ratio  between  the  amountr  of  riboflavii;,  pantothenic  acid  and  biotin 
excreted,  and  N  loss.  Windmueller  e'  al.  (46)  have  observed  that  during  a  24-  to 
37-hour  fast  of  normal  human  subjects  the  ribof lavin-to-N  ratio  in  the  urine  was 
markedly  increased,  Hovrever,  dtiring  the  first  few  days  of  food  deprivation,  the 
change  in  the  fecal  flora  may  affect  the  relative  loss  of  some  of  the  vitamins., 

Symptoms  of  vitamin  deficiency  during  fasting  have  been  shown  to  be  pre¬ 
vented  by  oral  administration  of  such  vitamins  (4-7),  However,  results  with  ribo¬ 
flavin  supplements  suggest  that  the  starving  human  subject  can  store  and  utilize 
supplements  like  this  only  ineffectively  (10), 

Thiamine,  riboflavin  and  vitamin  Bg  requirements  have  been  found  to  be 
positively  correlated  with  caloric  or  protein  intake  (47,  48)»  However,  as  indicated 
above,  without  caloric  intake  a  ‘residual*  requirement  for  certain  vitamins  remains. 

The  miner Al-vitamin  supplement  used  in  the  author's  experiment,  described 
in  this  report.  Increased  water  consumption  by  about  127», 

Effect  of  exercise  on  mineral  and  vitamin  requirements  and  excretion. 

Exercise  has  been  reported  to  increase  the  K  requirement  in  rats  (49,  50), 
However,  Castenfors  (51)  did  not  find  urinary  K  excretion  to  be  significantly 
changed  in  human  subjects  during  bicycle  ergometer  exercise#  Ca  (52)  and  P  (53) 
excretion  in  humans  have  been  found  to  be  increased  during  muscular  activity. 

Further,  the  requirement  for  thiamine  has  been  observed  to  be  increased  in  human 
subjects  during  heavy  exercise  (54),  The  same  vitamin  was  found  to  have  a  bene¬ 
ficial  effect  in  dogs  run  to  exhaustion  (55), 

In  the  author's  experiment  with  rats,  described  in  this  report,  the 
average  duration  of  the  running  involved  was  about  125  min.  in  10  days.  At  a  speed 
of  66  fpm  and  average  inclination  of  the  treadmill  belt  of  9”,  this  amount  of 
exercise  is  not  likely  to  have  increased  the  requirement  of  any  mineral  or  vitamin 
to  more  than  a  modest  degree.  Adult  animals  were  used.  The  amounts  per  unit 
weight  of  diet  of  each  mineral  and  vitamin  supplied  in  this  and  a  previous  (1) 
experiment  of  the  author  were  equal  to  or  higher  than  the  requirements  for  the 
growing  rat  given  by  the  National  Research  Council  (56).  One  would  expect  that 
such  levels,  apart  from  possibly  changed  requirements  during  caloric  restriction, 
would  be  adequate  in  adult  rats  for  the  average  amount  of  exercise  involved, 

d.  Weight  and  water  loss  during  food  restriction  and  effects  of  nutrient  intake. 

Extra-  and  intracellular  water  and  weight  less,  especially  during  the  first 
days  of  food  intake  restriction,  is  a  generally  observed  phenomenon  (11,  24-26, 

32,  33,  57-60),  Part  of  this  initial  body  weight  and  water  loss  is  due  to  loss  of 
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gut  contents.  Such  extracellular  water  loss,  accompanied  by  a  decrease  1’'.  blood 
and  plasma  volume  (57-59,  61),  has  been  found  in  some  Instances,  even  on  unlimited 
water  intake,  to  be  combined  with  an  increase  in  hematocrit  (23,  59,  62)  and  blood 
viscosity  (23).  Although  these  effects  may  be  enhanced  by  cold  diuresis  (41),  an 
observed  increase  in  hematocrit  is  not  restricted  to  a  cold  environment.  An 
Increase  in  hematocrit,  accompanied  by  an  increase  in  blood  viscosity,  may  have  a 
detrimental  effect  on  work  performance  under  certain  conditions.  That  such  body 
water  loss  is  not  necessarily  due  to  a  voluntary  restriction  of  water  intake  is 
indicated  by  the  findings  of  Millar,  Morrison  et  al.  (25,  26)  who  report  that 
during  the  first  two  days  of  starvation  rats  drank  greatly  in  excess  of  the 
apparent  need. 

Morrison  (60)  reports  that,  after  4  days  of  starvation  of  rats,  previously 
fed  Purina  chow,  absolute  extracellular  space  was  decreased.  However,  the 
thiocyanate  space  as  a  percent  of  lean  body  mass  was  unchanged.  Similar  informa¬ 
tion  has  been  obtained  by  others  regarding  an  unchanged  ratio  of  body  water  to 
fat-free  solids  (9)  and  to  total  protein  (21,  63)  in  rats  after  3  to  6  days  of 
starvation.  These  results  with  rats  might,  at  least  partially,  be  explained  by 
a  relatively  low  Na  content  of  the  diet  prior  to  food  deprivation. 

Carbohydrate  or  protein  ingestion  has  been  shown  to  decrease  the  Na  and 
body  water  loss  of  fasting  in  man  (13,  14,  37-40,  59).  In  rats  undernourished  for 
five  weeks  an  increase  at  the  end  of  this  period  of  the  ratio  of  body  water  to  total 
body  protein  was  found  (21),  Keys  et  al.  (29)  also  reported  an  increase  in  rela¬ 
tive  plasma  and  extracellular  fluid  volume  in  their  semistarvation  studies.  How¬ 
ever,  signs  of  oedema  were  observed  in  their  semistarved  subjects.  Human  subjects 
receiving,  besides  unlimited  water,  nothing  but  100  g  of  glucose  daily,  had  an 
extra-  and  intracellular  water  loss  per  70  kg  body  weight  during  six  days  of  semi¬ 
starvation  of  720  and  876  ml  in  total,  respectively,  or  5  and  2%  of  the  estimated 
extra-  and  intracellular  compartment  size,  as  compared  to  values  of  10  and  3%  during 
complete  food  deprivation  (14),  During  partial  food  deprivation  of  man  (1010  kcal/ 
day)  with  unrestricted  water  intake,  the  highest  rate  of  water  loss  was  found  to 
occur  during  the  first  three  days  (24). 

In  the  author's  experiment  with  rats,  described  above,  the  average  weight 
loss  seven  days  after  the  start  of  the  food  intake  restriction  for  all  groups  was 
8,8%  of  their  weight  at  the  start  of  the  restricted  intake  period.  Ten  days  after 
the  start  of  food  intake  restriction,  this  average  weight  loss  was  15.1%, 

In  attempting  to  relate  weight  losses  to  physical  performance,  however, 
one  should  be  careful  in  comparing  results,  even  for  the  same  species,  if  different 
diets  have  been  used  shortly  before  or  during  food  deprivation.  For  example, 
initial  extracellular  water  and  weight  loss  during  food  intake  restriction  has  been 


shown  to  depend,  among  other  factors,  on  NaCl  intake  during  the  ^^criod  shortly 
before  food  deprivation.  A  positive  correlation  has  been  found  to  exist  between 
extracellular  water  balance,  Na  balance,  and  daily  change  in  weight  at  various 
caloric  intake  levels  (14,  25,  32,  36-38,  57,  59,  62).  Millar  and  Morrison  (26) 
have  reported  that  in  rats  body  losses  of  Na  and  K  during  the  first  two  days  of 
food  deprivation  were  smaller  when  the  level  of  Na  and  K  in  the  preliminary  diet 
was  lowered.  Similar  results  in  the  human  regarding  Na  have  been  found  by  Katz 
et  al.  (39).  Both  net  total  t^ater  loss  and  extracellular  water  loss  were  smaller 
under  these  conditions.  This  indicates  that  the  Na  intake  level  before  a  food 
deprivation  period,  through  its  possible  effect  on  blood  hematocrit  and  blood 
viscosity  subsequently,  under  certain  conditions  may  be  a  factor  affecting  work 
performance  > 

In  the  author's  present  experiment  the  Na  intake  level  before  the  semi- 
starvation  period  was  relatively  low  (593  mg  as  NaCl  per  100  g  diet;  but  466 
percent  of  the  Na  requirement  for  the  growing  rat,  according  to  the  National 
Research  Council  (56)),  as  compared  to  levels  frequently  used  by  man  (16,  47). 

The  positive  correlation  between  NaCl  intake  and  extracellular  water  reten¬ 
tion  raises  the  question  whether  a  relative  • overhydration'  in  man  often  occurs  on 
an  adequate  diet  relatively  high  in  NaCl,  as  is  frequently  used.  The  Increased 
extracellular  fluid  volume  and  increased  blood  pressure  as  a  result  of  a  relative¬ 
ly  high  NaCl  intake  (45,  64-68),  and  the  loss  of  extracellular  fluid  in  normal 
human  subjects  when  NaCl  is  restricted  in  the  presence  of  quite  adequate  diets 
(69)  indicate  this  possibility.  If  subjects  change  to  a  reduced  caloric  intake 
with  a,  usually,  concomitant  reduction  in  Na  intake,  the  resulting  loss  of  body 
water,  therefore,  does  not  necessarily  imply  a  hypohydration  but  can  actually 
mean  an  adjustment  to  a  more  normal  hydration  state. 

During  complete  food  deprivation  of  man  and  rats,  an  intake  of  Na  has 
been  found  to  reduce  a  negative  Na  balance  (14,  40)  or  to  result  in  a  positive 
balance  (13,  26),  in  turn  resulting  in  S(xne  reduction  of  extracellular  water  loss 
(14,  25,  26,  36)  and  weight  loss  (22),  Urinary  excretion  of  Na  and  weight  loss 
continued  at  a  slightly  higher  rate  after  the  substitution  of  an  equivalent  amount 
of  NaHC03  for  the  NaCl  during  the  fasting  period  (40),  Ingestion  of  Na,  however, 
has  been  found  to  increase  K  excretion  (8,  14),  with  a  concomitant  withdrawal  of 
intracellular  water.  Further,  water  retention  due  to  additional  mineral  uptake, 
primarily  Na,  may  even  result  in  some  pitting  oedema  in  man  during  starvation  (36). 
Water  loss  in  rats  and  rabbits,  deprived  of  food,  was  not  decreased  by  drinking  a 
0^75%,  and  0.58%  KCl  solution,  respectively  (25,  26,  70).  Neither  did  the  KCl 
solution  increase  the  water  intake  (possibly  because  of  the  bitter  taste?)  of  the 
rats  during  the  first  two  days  of  starvation  that  measurements  were  made.  Equi¬ 
molar  NaCl  solution  under  the  same  conditions  did  increase  the  water  intake, 
compared  to  distilled  water  as  drinking  fluid. 
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If  NaCl  in  addition  to  K-salt  is  given  orally,  the  former  will  camouflage 
to  some  extent  the  bitter  taste  of  certain  K^salts  (71)« 

Intracellular  water  loss  always  takes  place  during  caloric  deprivation. 
Initially,  this  is  reported  to  be  linked  primarily  to  K  loss,  which,  in  turn, 
initially  to  some  extent  is  probably  related  to  glycogen  loss  (26,  34,  35).  In  a 
later  stage,  intracellular  water  and  -  mineral  loss  becomes  more  closely  related 
to  tissue  and  N  loss  (9,  15,  26). 

The  reason  the  supplements  did  not  reduce  weight  loss  during  the  caloric 
restriction  phase  in  the  author’s  experiment,  described  in  this  paper,  is  probably 
because  of  the  combined  effect  of  the  relatively  low  Na  intake  prior  to  the  period 
of  food  deprivation,  and  that  of  carbohydrate  and  protein  intake  during  that  period. 
A  decreased  rate  of  weight  loss  on  these  supplements  was  only  noticeable  during  the 
first  week  on  a  one-third  of  ad  libittim  caloric  intake  in  a  previous,  partially 
comparable,  experiment  (1). 

e.  General  couiments . 


The  need  during  caloric  intake  restriction  for  higher  than  ’normal’  con¬ 
centration  levels  (i.e.,  as  used  in  an  ad  libitum  fed  diet,  and  adequate  according 
to  recommendations  by  the  National  Research  Council  (56)  on  this  basis)  of  minerals 
and  vitamins  in  the  food,  providing  more  than  a  certain  minimum  absolute  amount, 
has  not  been  indicated  under  the  conditions  of  the  author’s  experiment  described 
above.  Such  a  need,  actually,  has  been  contraindicated  under  the  conditions  of  a 
previous  experiment  by  the  author.  Further,  the  mineral-vitamin  supplement 
Increased  water  consumption. 

During  complete  food  deprivation,  at  least  in  man,  it  seems,  from  the 
reports  mentioned,  that  a  good  case  can  be  made  for  the  gradual  supply  of  K,  some 
Na  in  certain  cases,  and  of  B-vitamins. 
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TABLE  1 


Feeding  and  treadmill  running  schedule 


Feeding 

Treadmill 

running 

Dlet^ 

Days  from 
beginning 

Intensity^ 

Days  from 
beginning 

Commercial  food 

1  through  35 

Training,  twice 
weekly 

8  through  46 

Semipur if led  diets, 
ad  libitum 

36  through  70 

Running  to 
exhaustion 

50,  53,  57,  60, 
67,  74,  78,  81, 
and  85 

Semipurified  diets, 
restricted  intake 

71  through  80 

Complete  caloric 
deprivation 

from  day  81  on 

Explanation  of  diets  and  treadmill  running  in  text. 
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TABLE  2 


Effect  of  different  di6t  regimens  on  running  performance 
at  different  times  during  the  diet  treatments 


Period  on 
restricted 
food  intake 

, 

Diet  groups^ 

LF 

LF  +  .MV 

HF 

HF  +  MV 

Running  times,  min. 

3  days 

40.7+  8.2^ 

43.2+13.8 

36.4+  8.3 

37.0+13.4 

7  days 

45.5+  6.4 

45.8+  8.0 

41.2+  9.3 

39.1+11.2 

10  days 

44.4+11.2 

42.6+14.8 

37.0+11.4 

45,9+  9.5 

Running  performance,  kgm 

3  days 

61.1+12.7 

66.4+20.3 

63.2+12.9 

63.3+23.8 

7  days 

64.4+  8.6 

65.6+11.5 

67.8+14.8 

63.5+20.5 

10  days 

58.2+13.3 

57.5+19.3 

57.7+18.8 

69,1+15.1 

LF  =  low  fat,  corn  oil  as  fat  source;  HF  =  ihigh'  fat,  butter  as  fat  source; 

+  MV  =  plus  additional  minerals  and  vitamins 

2 

Mean  +  SD,  The  performance  values  for  the  LF  and  LF  +  MV  groups  were  corrected 
for  the  (very  slight)  difference  in  average  performance  between  these,  future, 
groups  as  found  during  the  preliminary  running  tests.  The  same  was  done  between 
the  HF  and  HF  +  MV  groups • 
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TABLE  3 


Effect  of  different  diet  regimens  on  water  consumption 
at  different  times  during  the  diet  treatment 


restricted 

food  intake  LF  LF  +  MV  HF  HF  +  MV 


Water  coru  imption,  ml/ratxday 


2  days 

28.7+  9.r 

33.4+  7.1 

25.7+  4.8 

26.8+  4.5 

4  days 

29.2+  8.7 

32.2+10.7 

26.7+  8.5 

28.2+  7.3 

7  days 

26.0+10.0 

29.7+  9.5 

25.6+  9.0 

30.2+  7.7 

9  days 

30.6+  8.1 

34.7+  7.1 

27.6+  6.0 

35.6+  9.6 

U  days 

30.0+  6 .5 

36.0+  8.8 

27.6+  7.8 

33.7+  6.3 

■  LF  = 
+  MV  i 

low  fat,  corn  oil  as  fat  source;  HF  =  <high‘ 
=  plus  additional  minerals  and  vitamins. 

fat,,  butter  as 

fat  source; 

^  Mean  +  SD. 
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